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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


RESEARCH MEMORANDUM 


JET EFFECTS ON PRESSURE LOADING OF 


ALL-MOVABLE HORIZONTAL STABILIZER 


192€ 


By Alfred 5. Valerino 


SUMMARY 


An investigation was conducted in the NACA Lewis 8- by 6-foot 
supersonic tunnel to determine the effects of & cold exhaust jet on 
the pressure loadings of an all-movable, 45° sweptback horizontal 
stabilizer located in в region influenced by the jet. The investi- 
gation also included the effects of the stabilizer on the drags of the 

. boattail, base annulus, and secondary-flow passage of а jet-exit model 
operating at Mach numbers of 0.63, 1.5, and 1.8 and at zero angle of 
attack. The test was conducted through a range of jet pressure ratios 
from 1 to 9 at stabilizer deflection angles of O9, 59, and 10°. 


CW-1 


Results of this investigation indicate that at jet pressure 
ratios of 1 to 9 the exhaust jet did not appreciably affect the pressure 
loadings of the stabilizer. The largest jet effects on the stabilizer 
were confined to a small region near the nozzle shroud and trailing 
edge of the stabilizer. 


The presence of the stabilizer resulted in large increases in the 
drags of the base and secondary-flow passage. 


INTRODUCTION 


An investigation was conducted in the NACA Lewis 8- by 6-foot 
supersonic tunnel to determine the effects of a cold exhaust jet on the 
pressure loadings of an all-movable horizontal stabilizer located in 
the vicinity of the jet. The investigation was conducted at free- 
stream Mach numbers of 0.63, 1.5, and 1.8 through a jet pressure-ratio 
range of 1 to 9 with 3-percent secondary flow at stabilizer deflection 
angles of 0°, 5°, and 10°. 


In addition, instrumentation was included on the jet-exit model to 
determine the effects of the stabilizer on boattail and base pressures. 


шә omm 
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SYMBOLS 

The following symbols are used in this report: 
А aspect ratio, ъ2/8, 5.9 
b span of horizontal stabilizers, 2.695 ft 
Cp,& base annulus pressure coefficient, (рә-ро)/ао 
Cp,B base bleed pressure coefficient, (рр-ро)/ 90 
Cp,p boattail pressure coefficient, (pp-po)/a0 
Cp,s stabilizer pressure coefficient, (рь-ро)/ао 
M Mach number 
P total pressure 
Pi/po је pressure ratio 
р static pressure 
q dynamic pressure 
S area of horizontal stabilizers, 2.076 sq ft 
x distance upstream of base 
5 stabilizer deflection angle 
Subscripts: 
а base annulus of afterbody 
B bleed passage 
b boattail 
S stabilizer 
О free stream 
1 conditions upstream of nozzle exit 
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APPARATUS AND PROCEDURE 





A schematic diagram of the wind-tunnel installation of the jet- 
exit model is presented in figure 1. The model was supported by two 
hollow struts of circular cross section that were attached to trunnions 
mounted in the tumnel wall. The model air flow, which was obtained 
from а source outside the tunnel, was measured with a sharp-edge 
orifice before it passed through the hollow support struts into the 
model. The model internal pressure was regulated by means of a 
butterfly valve Located downstream of the orifice. 


The horizontal stabilizers, which had a dihedral angle of 5°25', 
were rotated 90° so that they would not be located in the wakes from 
the horizontal support: struts (fig. 1). А photograph of the stabilizers 
attached to the afterbody is shown in figure 2. The stabilizers had 
an aspect ratio of 3.5, a taper ratio of 0.15, a sweepback of 45° at 
the quarter-chord line, and an NACA 65A006 airfoil section parallel to 
the free stream at the stabilizer root section. However, the thick- 
ness of the stabilizer was tapered to 4 percent at the tip section. 
The plan-form dimensions of the tail surface are presented in figure 3, 
along with a table listing the location of the 44 static orifices 
(22 orifices on the pressure and 22 on the suction surfaces of one 
stabilizer) used to determine pressure loadings. The pressure and 
suction surfaces of the stabilizers correspond to the upper and lower 
surfaces, respectively, of a stabilizer positioned in the horizontal 
plene. 


The stabilizers were investigated at deflection angles of 0°, 5°, 
end 10? and in two longitudinal positions with respect to the nozzle 
exit, as shown in figure 4. With the stabilizers in the aft position, 
the trailing edge of the root section was positioned 1.654 inches 
downstream of the nozzle exit; in the fore position, 0.085 inch up- 
Stream of tbe nozzle exit. 


The model afterbody pressure instrumentation is presented in 
figure 5. Теп wall statics were used to measure boattail pressures. 
Base pressures were measured with four static orifices on the base 
annulus of the afterbody. Internal instrumentation consisted of a 10- 
tube total-pressure rake loc&ted in the constant-area section up- 
Stream of the convergent nozzle &nd used to determine model internal 
pressures. Six static orifices on the outer surface of the nozzle 
were used to determine pressures in the secondary-flow passage. Thirty 
holes of 0.156-inch diameter were drilled circumferentially around the 
nozzle at station 70.65 to provide for secondary flow. А calibration 
of the bleed holes was used to determine the secondary weight-flow: 
ratio. 
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RESULTS AND DISCUSSION 


The discussion herein pertains only to the results obtained from 
configurations with 3-percent secondary-flow ratio at free-stream Mach — 
number of 1.5, inasmuch as similar results were obtained at Mach © 
numbers 0.63 and 1.8. The chordwise pressure coefficients of the 
stabilizer at Mach numbers of 0.65 and 1.8 for the range of jet 
pressure ratios investigated are presented in table I. 


The chordwise pressure distributions of the stabilizers at the 
jet-off condition and at the jet pressure ratio Pj/pg of 9 are 
presented in figure 6. Since the tubing of the static orifices at 
chord stations 4.65 and 14.8 of tail station 4.50 leaked, only the 
jet-off data points are plotted at tail station 4.50. The distribu- 
tions at jet pressure ratios of 1, 4, and 6 exhibit the same trends 
as do those at pressure ratio of 9 and were, therefore, not included 
in the figures. The data presented in figure 6 indicate that the 
influence of the jet on the pressure loading of the stabilizers is not 
appreciable. At stabilizer deflection angle of 0° (fig. 6(a)), the 
jet effect was felt spanwise to tail station 4.50. Increasing the i 
deflection angie resulted in & spanwise spreading of the jet effect; 
with the stabilizer deflected 5° (fig. 6(b)), the pressures to tail 
station 5.50 were influenced; while at 10° deflection angle (fig. a 
6(c)), the jet affected the distribution of the stabilizer to tail 
station 7.09 (suction side only at tail station 7.09). For each of 
these configurations, however, the jet effects were confined within 
the region bounded by the 65- and 100-percent-chord stations. 


5261 


Moving the stabilizer to the fore position (fig. 6(d)) reduced 
the jet effects. Witb & deflection angle of 109, the jet effect was 
limited spanwise to tail station 4.50 and chordwise between the 70- 
and lOO-percent-chord stations, on the suction side of the stabilizer 
only. 


The effect of the stabilizer on the boattail pressure distri- 
bution is presented in figure 7. For zero deflection angle, the 
boattail pressures on both sides of the stabilizer were nearly equal. 
As would be expected, increasing the deflection angle resulted in a 
decrease in pressure near the suction side and an increase near the 
pressure side of the stabilizer. At pressure ratios of 6 and 9, flow 
separation on the boattail was experienced with the configurations | 
with the body alone and with the stabilizer deflected 0°. As the 
deflection angle was increased, only the flow passing by the suction 
side of the stabilizer was separated, | E 


The effect of the stabilizer on the base annulus pressure l = 
coefficients is presented in figure 8. The annulus pressure 
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coefficients obtained from the configurations with stabilizers were 
not appreciably affected by the stabilizer deflection angle or by 

the stabilizer position. However, the presence of the stabilizer 
resulted in large increases in base annulus pressure coefficients. 

At jet pressure ratios of 4 and 9, the base pressure coefficients of 
the configurations with stabilizers were, respectively, approximately 
57 and 150 percent higher than those of the body-alone configuration. 


Pressure coefficients in the secondary-flow passage (fig. 8) 
were affected in & manner similar to the base annulus coefficients. 
Up to pressure ratios of 6, the pressures of the configurations with 
stabilizer did not vary significantly. However, as the pressure ratio 
was increased to 9, the drags due to the secondary flow, for the con- 
figurations with the stabilizer deflected 0° and 5°, were considerably 
higher than those of the configurations having the stabilizer de- 
flected 10°. At jet pressure ratio of 4, the bleed-passage drag of 
the configurations with stabilizers was approximately 29 percent 
higher than that of the body-alone configuration. At pressure ratio 
of 9, the drags due to secondary flow for the configurations with 
stabilizers deflected O° and 5° and the configurations with stabi- 
lizers having a deflection angle of 10° were, respectively, approx- 
imately 90 and 55 percent higher than the drag of the body-alone 
configuration. 


SUMMARY OF RESULTS 


An investigation was conducted to determine exhaust-jet effects 
on the pressure loading of an all-movable, 45° sweptback horizontal 
stabilizer located in a region influenced by the jet. The stabilizer 
effects on the boattail, base annulus, and secondary-flow-passage 
drags of the jet-exit model were also investigated at zero model angle 
of attack through а range of jet pressure ratios from 1 to 9 with 3- 
percent secondary-flow ratio, and at stabilizer deflection angles of 
0°, 5°, and 10°. The following results were obtained at free-stream 
Mach numbers of 0.63, 1.5, and 1.8: 


1. Pressure loadings on the stabilizer were not appreciably 
affected by the jet pressure ratio. 


a. The addition of the stabilizer to the basic configuration 
resulted in large increases in base annulus and secondary-flow- 
passage drags. 


Lewis Flight Propulsion Laboratory 
National Advisory Committee for Aeronautics 
Cleveland, Ohio, March 22, 1954. 


Security Classification of This Report Has Been Cancelled 


NACA RM ES4C24 





TABLE I. - STABILIZER PRESSURE COEFFICIENTS ae 


(a) Mach number 1.8, stabilizer in aft position, deflection angle = 0° 


Tail station Tubet Percent chord Jet pressure ratio, P /Po 


Jio] + | 6 | 9 
Pressure coefficient 
11.29 р . i 
А 


lPpime symbols denote static orifices on suction surface. 





TISE 


Security Classification of This Report Has Been Cancelled 


TABLE I. - Continued. STABILIZER PRESSURE COEFFICIENTS 


(b) Mach number 1.8, stabilizer in aft position, deflection angle = 50 


Tail station | Tubel| Percent chord Jet pressure ratio, P4/pg 
mcer] « [| 6 | e 












Pressure coefficient 





5261. 





lprime symbols denote static orifices on suction surface. 
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TABLE I. - Continued. STABILIZER PRESSURE COEFFICIENTS 
(c) Mach number 1.8, stabilizer in aft position, deflection angle = 109 


Tail station | Tube! | Percent chord Jet pressure ratio, Pj/pg 
ект | 4 [5 | 91 


Pressure coefficient 
11.29 
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TABLE I. - Continued. STABILIZER PRESSURE COEFFICIENTS 


€ 


(d) Mach number 1.8, stabilizer in fore position, deflection angle = 100 


Tail station | Tube} Percent chord Jet pressure ratio, P}/Po 








Jet-off | 4 | 
Pressure coefficient 


3261 





CW-Z 


lbrime symbols denote static orifices on suction surface. 


BELLI ina 





Security Classification of This Report Has Been Cancelled 


10 ашин МАСА RM ES4C24 


TABLE I. - Continued. STABILIZER PRESSURE COEFFICIENTS 
(e) Mach number 0.63, stabilizer in aft position, deflection angle = o9 


Та11 statíon Tubel Percent chord Jet pressure ratio, Ру/ро 
Jet-otz| 2 | 2s | s | 3.5 | 
Pressure coefficient 








lprime symbols denote static orifices on suction surface. 
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TABLE I. - Continued. STABILIZER PRESSURE COEFFICIENTS 





€ 


(f) Mach number 0.63, stabilizer in aft position, deflection angle = 100 


Tail station | Tubel | Percent chord Jet pressure ratio, Pi/pg 






















d Jetoff 
Pressure coefficient 
11.23 . 0.5054 0.5162 0.5104 0.5159 0.5156 

‚А 

o 

o -——— — w m | oA 0 0| A РРО —A—— СОЕ РЕЧЕ 
Fel 

єз 
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-.0.70 


.0052 
.0264 






lPpime symbols denote static orifices on suction surface. 
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TABLE I. - Concluded. STABILIZER PRESSURE COEFFICIENTS 
(к) Mach number 0.63, stabilizer in fore position, deflection angle = 10° 


Tail station Tubel| Percent chord Jet pressure ratio, Pi/bg 
cor | z Газ | s | 55- 


Pressure coefficient: 








0.3087 





lPrime symbols denote static orifices on suction surface. 
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Flexible piping 





Figure 1, - Schematic diagram of jet-erit model installed in 8- by 6-foot superaonlc wind tunnel. bi 
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Figure 2. - Photograph of stabilizers mounted on afterbody. 
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Figure 3. - Schematic diagram of horizontal stabilizer. (All dimensions in inches.) 
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Figure 4. - Model with horizontal stabilizer in two positions. 
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Figure 5. - Afterbody instrumentation. (А11 dimensions in inches. ) 
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Flagged symbols indicate 
suction-surface pressure 





ient, Ср, 


„ 
~ 


ptt | yA N 
10-61 
шиш”; — 


Stabilizer pressure coeffi 





Percent chord 
(a) Stabilizer in aft position. Deflection angle, 0°. 


Figure б. = Effect of jet pressure ratio on pressure distribution 
of stabilizer at free-stream Mach number of 1.5. 


qm 





TSE 


Security Classification of This Report Has Been Cancelled 


а 


5261 


CW-3 back 


NACA RM H54C24 


Stabilizer pressure coefficient, Ср в 
2 





О Jet-off 
Flagged symbols indicate 
suction-surface pressure 


Tail station 
5.50 





Pereent chord 


(a) Concluded. Stabilizer in aft position. Deflection 
angle, O°. 


Figure 6. - Continued. Effect of jet pressure ratio on pressure 
distribution of stabilizer at free-stream Mach number of 1.5. 
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O Jet-off 
Flagged symbols indicate 
suction-surface pressure 
Teil station 
5.85 

U 
i 


| LUE E 
ү Тү 


Stabilizer pressure coefficient, C 
І 








Percent chord 
(b) Stabilizer in &ft position.  Deflection angle, 59. 


Figure 6. - Continued. Effect of jet pressure ratio on pressure 
distribution of stabilizer at free-stream Mach number of 1.5. 
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Stabilizer pressure coefficient, Ср, 





"зе 
— ЫШ 
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O Jet-off 
Flagged symbols indicate 
suction-surface pressure 
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(b) Concluded. Stabilizer in aft position. Deflection angle, 59. 


.Figure 6. - Continued. Effect of jet pressure ratio on pressure 


distribution of stabilizer at free-stream Mach number of 1.5. 
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О Jet-off Tail station 


Flagged symbols indicate 
suction-surfece pressure 
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Stabilizer pressure coefficient, Co T 
2 








Percent chord 
(c) Stabilizer in aft position. Deflection angle, 10°. _ 


Figure 6. - Continued. Effect of jet pressure ratio on pressure " 
distribution of stabilizer at free-stream Mach number of 1.5. E 
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Percent chord 
(e) Concluded. Stabilizer in aft position. Deflection angle, 10°. 


Figure 6. - Continued. Effect of jet pressure ratio on pressure 
distribution of stabilizer at free-stream Mach number of 1.5. 
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Stabilizer pressure coefficient, Ср, в 
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Tail station 
О Jet+-off 3.85 


А Pip = 9 
Flagged symbols indicate 
suction-surface pressure 


Percent chord 
(a) Stabilizer in fore position. Deflection angle, 10°. 


Figure 6. - Continued. Effect of jet pressure ratio on pressure 
distribution of stabilizer &t free-stream Mach number of 1.5. 
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(d) Concluded. Stabilizer in fore position. Deflection angle, 10°. 


Figure 6. - Concluded. Effect of jet pressure ratio on pressure dis- 
tribution of stabilizer at free-stream Mach number of 1.5. 
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at free-otreas Maoh mmber of 1.5. 


Figure 7. — Effect of stabilisers on Ъоаъба1] peesure coefficient 
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Figure 8. - Effect of stabilizer on bass annulus and seconmdary-flow-passage pressure oosffioients at free 
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